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(54) NOZZLE PLATE AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To contrive a stable ink flying by a method wherein a nozzle is 
shaped into a funnel form having a cylindrical part extending at an angle of 

1- 10 degrees from a minimum-diameter part of an ink delivery port in an 
ink flying direction and a conical part extending at an angle larger than 
that of the cylindrical part. 

CONSTITUTION: A nozzle 2 in a nozzle plate 1 is shaped into a funnel 
form having a cylindrical part 2-a extending at an angle of 1-10 degrees 
from a minimum-diameter part of an ink delivery port 2-c in an ink flying 
direction and a conical part 2-b extending at an angle larger than that of 
the cylindrical part 2-a. A meniscus 3 (a contact point a) of ink 4 is 
formed while having its tangent line on an edge of the conical part 2-b 
which functions as a lead-in part for the ink 4. Because the edge of the 
conical part 2-b is a straight line, the contact angle of the tangent line is 
kept constant. The contact point of the meniscus 3 with the conical part 

2- b changes with a change in printing state or physical properties of ink. 
However, the shape of a meniscus 3-a of the ink 4 changing in contact 
position from the contact point (a) to a contact point (b) does not greatly 
differ from the shape of the meniscus 3. 
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* NOTICES * 

Japan Pat nt Office is not responsible for any 
damages caused by th use of this translation* 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In an ink-jet head with the nozzle plate in which the substrate with ink passage, a means to make ink fly, and 
the nozzle that carries out the regurgitation of this ink were formed The nozzle plate characterized by ****** which 
has the shape of a funnel shape with the pillar section in which this nozzle has one - the ten degrees of angle of 
divergence from an ink delivery maximum narrow diameter portion to this ink flight direction, and the cone section 
which has the larger degree of angle of divergence of this pillar section than the degree of angle of divergence at least. 
[Claim 2] Formation of this nozzle of this shape of a funnel shape whose minimvim diameter is dozens of microns to 
the metal sheet of 100 microns or less of thickness numbers characterized by providing the following. Punch with the 
shape of a funnel shape which balances in the shape of [ of this nozzle / this ] a funnel shape. A slightly larger hole 
than the thin diameter section at this nose of cam of pimch. this — a hole — a chamfer with volume fewer than the 
volume for which this metal sheet bulges when this punch contacts this metal sheet and penetrates at an entrance 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of the nozzle plate for ink jet printers, and a 

nozzle plate. 

[0002] 

[Description of the Prior Art] There are some types of the heads of the printer for ink jets, and the ink path which is 
open for free passage to an ink pressurized room is covered by the nozzle plate. In what was constituted so that ink 
might be made to breathe out from the nozzle which carried out opening to the portion of an ink path In order to make 
the pressurized ink breathe out in the direction of an axis of a nozzle correctly, the nozzle plate 101 in which the nozzle 
102 with circular ink induction 102-b and ink delivery 102c which usually quadrisected the circle as shown by d rawing 
7 with the electroforming by plating was formed is used. In case ink carries out the regurgitation from a nozzle in an 
ink-jet head, a meniscus is formed so that it may have a point of contact and a tangent in ink induction. Ink flight is not 
stabilized if the configuration of this meniscus does not serve as a fixed form. However, in such circular ink induction 
102, since it has the tangent of a different angle in each point of radii so that it may understand by comparison with a 
meniscus 103 (point of contact a) and meniscus 103a (point of contact b), the configuration of a meniscus 3 is not 
stabilized by the method of contact of ink 4. moreover, in order that the physical properties of ink, especially viscosity 
may change by the temperature change anrfthe method of contact may change also by change, the same thing cuts Thai 
is, ink flight is not stabilized in the circular ink induction 102. And management of the minimiim diameter section of 
ink delivery 1 02c was very difficult, and since productivity was also bad, cost was also high, since the process of a 
nozzle plate was the chemical method of plating. 

[0003] Moreover, ttie metal plate laid in the die in which punch with a simple leaf curve-like-breadth has a crevice witl 
the volume corresponding to the volume which bulges when punch contacts in order to form such a nozzle, although 
there is also a method indicated by the JP,1-26837,B official report is contacted, the grinding process of the formed 
bulge section is carried out, and a necessary configuration is acquired. However, by this method, the downward 
precision of punch, especially the precision of a bottom dead point go wrong, for example. When descending too 
much, the volume of the bulge section becomes larger than the crevice of a die, compress pxmch, and bring wear 
forward. Moreover, the nozzle dimensions formed immediately after raising punch when the problem of fracturing the 
thin diameter section of punch when the worst, and the metal plate have spring nature are shrunken, and it has the 
problem a stable target does not get nozzle dimensions that it does not become highly precise. Moreover, in addition to 
this, the volume of the bulge section changes also with the process tolerances of change of the board thickness of a 
metal plate, punch, and a die, the above-mentioned problem is generated, and manufacture of the stable nozzle plate in 
a low cost is impossible. Moreover, since simple leaf curve-like induction gets having mentioned above and it becomej 
a radii configuration, ink flight is not stabilized. 
[0004] 

[Problem(s) to be Solved by the Invention] Then, this invention solves such a trouble and the place made into the 
purpose is located in the place which offers a highly precise nozzle plate by the low cost which can do production 
stably. 
[0005] 

[Means for Solving the Problem] In an ink-jet head with the nozzle plate in which the substrate with ink passage, a 
means to make ink fly, and the nozzle that carries out the regurgitation of this ink were formed The pillar section in 
which this nozzle of this nozzle plate has one - the ten degrees of angle of divergence from an ink delivery maximimi 
narrow diameter portion to this ink flight direction, It has the shape of a fiinnel shape with the cone section with the 
larger degree of angle of divergence at least than the degree of angle of divergence of this pillar section. In formation 
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of this nozzle of the shape of a funnel whose minimum diameter the manufacture method of this nozzle plate that has 
this nozzle is dozens of microns to the metal sheet of 100 microns or less of thickness numbers Punch with the shape of 
a funnel shape corresponding to these nozzle dimensions, and a slightly larger hole than the thin diameter section at 
this nose of cam of punch, It has the die which prepared the chamfer with volume fewer than the volume for which this 
metal sheet bulges when this punch contacts this metal sheet and penetrates at an entrance, this — a hole — It is 
characterized by for a grinding process removing the bulge section formed when the aforementioned punch contacted 
the aforementioned metal plate which carried out press **** between the stripper plate to which it shows the major- 
diameter shank of the aforementioned punch, and the aforementioned die, and obtaining nozzle dimensions. 
[0006] 

[Example] One example of this invention is explained in detail using a drawing. 

[0007] Drawing 1 is drawing showing the nozzle plate and nozzle dimensions of this invention. 2 is a nozzle, 2-a is the 
pillar section and the cone section is constituted for 2-b as ink induction. A majority of these nozzles 2 were formed 
with the nozzle plate 1 . It is the meniscus (point of contact a) of ink 4, and 3 has a tangent in Aya of cone section 2-b 
which functions as induction of ink 4, and is formed in it. The angle which this tangent touches since Aya of cone 
section 2-b is a straight line is kept constant. Consequently, it will get, if the configuration of meniscus 103-a in the 
state where the contact position to cone section 2-b of ink 4 changed from the point of contact a to the point of contact 
b shows, and there are not a configuration shown with a meniscus 3 and a big difference, and they can attain 
stabilization of formation of a meniscus. It compares with the nozzle plate 101 manufactured with the electroforming 
which shows this by drawing 7 which shows the conventional example. 103 is a meniscus (point of contact a), and, as 
for 103-a, the meniscus (point of contact b) shows [ the ink induction 102 and ink 104 / the contact position ] the state 
where it changed from the point of contact a to the point of contact b. Since the ink induction 102 is formed with radii, 
the angle of a tangent changes with the contact positions of ink 4, and deformation of meniscus 103-a to the meniscus 
103 of d rawin g 7 becomes larger than the meniscus 3 -a deformation to the meniscus 3 of draw ing 1 so that comparison 
with meniscus 3 -a of drawing 1 and meniscus 103-a of drawing 7 may show. 

[0008] It explains that stabilization of the configuration of this meniscus 3 has big influence on stabilization of the 
property of an ink-jet head using drawin g 2 , drawing,3 , and drawin g 4 . Dra win g 2 shows the state in the nozzle in 
front of the ink regurgitation. If the ink regurgitation means 5 represented by what laid the top-cover member which 
tells vibration to the passage upper part, and the piezoelectric device, the thing which laid the heater element on 
passage operates in this state, as drawin g 3 shows, ink drop 4-a will carry out the regurgitation. The state after the 
regurgitation of ink drop 4-a is d r awing 4 , and ink ****** 4-b (hatching section) corresponding to the breathed-out 
amount is formed. This ****** 4-b is retumed to the state of the original meniscus by the reconstititution of a 
meniscus 3. For this reason, whether the form of a menisciis 3 retums correctly has big influence on ink flight. Since 
the resistance force from a meniscus 3 in case change and ink jump out [ the ink weight which flies at once ] will 
change if the form of a meniscus 3 is changed each time, change sets and ink flight speed has serious influence for a 
quality of printed character, it is big to ink flight stability to make ink induction into a cone like this invention, and to 
have made it not cause change with the big form of a meniscus 3 to change of some of points of contact, since the point 
of contact to cone section 2-b of a meniscus 3 changed also with change of the ink physical properties by external 
factors, such as inside of the continuation ink regurgitation, a state of printing of the intermittent ink regurgitation 
middle class, and temperature, hvmiidity, — it is effective 

[0009] It is a processing conceptual diagram in case drawing j5 and drawing 6 form a nozzle in the nozzle plate of this 
invention. 10 is punch which is carrying out the configuration corresponding to a nozzle 2, and consists of cone section 
10-a and pillar section 10-b. 12 — a die — it is — the slightly larger hole 13 than the thin diameter section at punch 10 
nose of cam, and a hole — the chamfer 14 with voliime fewer than the volume (burr 16+ omission dregs 15) which 
bulges in case punch 10 contacts and penetrates at 13 entrance at metaled nozzle plate raw material 1-a is formed It 
extracts, when punch 10 contacts and penetrates at nozzle plate material 1-a of 100 microns or less of thickness 
numbers of metals which carried out press **** between the stripper plates 1 1 and dies 12 to which it shows major- 
diameter shank 10-c of pimch 10 like drawing 6 , and dregs 15 fall to a hole 13, and a bxirr 16 forms. Nozzle 
dimensions as removed this burr 16 by the grinding process and shown by drawing 1 can be obtained. In order that the 
force which compresses punch 10 nose of cam in order to extract and to escape from dregs 15, if it is this method 
might mitigate, what the point of the pimch 10 seen in the conventional example is compressed, and fractures pillar 
section 1 0-a did not occur. Moreover, the bulge section which remains in a nozzle plate 1 was only a burr 16, and in 
the conventional example, compared with having been the volume integral which the required volume of grinding 
extracted and doubled the burr 16 with dregs 15, when taking by the grinding process, large time shortening was able 
to be aimed at. The point of punch 10 is written as the compound configuration of the shape of the shape of a 
cylindrical shape, and a cone, and complicated circular curvilinear processing becomes xmnecessary. Highly-precise- 
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izing of punch processing, Since the resistance at the time of extracting punch 10 can be mitigated in case punch 10 
penetrates nozzle plate 1 -a by could attain simplification of processing and having given the degree of angle of 
divergaice to 10 degrees for pillar section 10-a from 1 time or. An effect is in low wear-ization of punch 10, and a 
nozzle plate cheap as a result and highly precise can be manufactured. When the degree of angle of divergence is taken 
10 degrees or more, however, depending on the downward precision of punch If change of the path of ink delivery 2-c 
sets the degree of angle of divergence of pillar section 2-a to theta Since it is a formula (downward error xtantheta of 
variation =2x punch 1 0 of ink delivery 2-c) and the dimensional change of the path of ink delivery 2-a of pillar section 
2-a of a nozzle becomes large, the degree of angle of divergence has 10 or less desirable degrees, 
[0010] When the ink-jet head which used the nozzle plate of this example was manufactured, the ink-jet head of a high 
quality of printed character by which ink regurgitation speed and the ink weight were stabilized very much was able to 
be obtained. 
[0011] 

[Effect of the Invention] As stated above, it has the effect that processing can do a highly efficient nozzle plate simply 
with high degree of accuracy, by carrying out this invention. 
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